Complementary DNA representing the genomic M RNA segment of the Prospect Hill (PH) Hantavirus was cloned and its nucleotide sequence determined. The PH virus M RNA segment is 3707 nucleotides in length and has a long open reading frame in the viral complementary-sense RNA with a coding capacity of 1142 amino acids. The predicted gene product of the PH virus M segment was compared with the corresponding gene products of Hantaan virus strain 76-118 (Hantaan), Sapporo rat virus strain SR-11 (SR) and Puumala virus strain H~illn~is B 1 (H~lln~s). The amino acid sequence identities between the G1 and G2 proteins of PH virus and H~illn~is virus are respectively 74% and 79%. In contrast, the amino acid sequence similarities between the G 1 proteins of PH virus and SR virus or Hantaan virus are only 50%. However the G2 proteins of SR and Hantaan viruses were more closely related to the G2 protein of PH virus with amino acid sequence similarities of approximately 62%. The G1 proteins of all four viruses had three potential asparagine-linked glycosylation sites conserved and there was one conserved site in the G2 proteins. Hydrophilicity plots of the four virus glycoproteins were very similar. The region of greatest hydrophilicity was conserved in the H~illn~s, SR and Hantaan viruses, and was located near the C terminus of the G1 protein, whereas the region of greatest hydrophilicity in the PH virus glycoprotein precursor is located closer to the N terminus of the G1 protein. Our data demonstrate that despite differences in the serotypic profiles and virulence of PH and H~lln~s viruses, their G1 and G2 proteins are closely related. We conclude that PH and H~illn~is viruses may have evolved along a separate evolutionary pathway in the Hantavirus genus from that of SR and Hantaan viruses.
Introduction
Hantavirus is the genus in the Bunyaviridae family (Schmaljohn et al., 1985) . Like other viruses in this family, hantaviruses possess a tripartite ssRNA genome with negative polarity (Schmaljohn & Dalrymple, 1983) . The three genomic RNA segments, large (L), medium (M) and small (S), have Mr values of approximately 2.2 × 10 6, 1.3 × 106 and 0.5 × 10 6, respectively (Yoo & Kang, 1987a) . The S RNA segment encodes the nucleocapsid protein (N) and the M RNA segment encodes a glycoprotein precursor that is cleaved into the envelope glycoproteins G1 and G2 (Schmaljohn et al., 1986 (Schmaljohn et al., , 1987 Yoo & Kang, 1987b; Giebel et al., 1989; Stohwasser et al., 1990; Parrington & Kang, t990; Arikawa et al., 1990) . The L segment is believed to encode the RNA polymerase (Elliott et al., 1984) . The G1 and G2 proteins of Hantaan virus have been demonstrated to have neutralizing epitopes (Yamanishi et al., 1984; Dantas et al., 1986; Arikawa et al., 1989; Schmaljohn et al., 1990) .
There are at least four antigenically distinct serotypes recognized in the Hantavirus genus (Lee et al., 1985b; Sugiyama et al., 1987) . Each antigenically distinct serotype was isolated from a different rodent species. Serotype 1 includes Apodemus-derived strains associated with the severe form of the human disease, haemorrhagic fever with renal syndrome (HFRS) (Lee et al., 1978) . Serotype 2 includes Rattus-derived strains associated with a moderate although potentially still fatal form of HFRS (Lee et al., 1982a; Kitamura et al., 1983) . Serotype 3 includes Clethrionomys-derived strains associated with a milder form of disease (BrummerKorvenkontio et al., 1980) . Serotype 4 includes Microtusderived strains that have not been linked to any disease in man (Lee et al., 1982b (Lee et al., , 1985a Yanagihara et aL, 1984 Yanagihara et aL, , 1987 .
It has been demonstrated for members of the Bunyavirus genus that the M RNA segment is associated with virulence (Beaty et al., 1981 (Beaty et al., , 1982 Shope et al., 1981 ; Gonzalez-Scarano et al., 1985 ; Janssen et al., 1986; Sundin et al., 1987) . If this is true for hantaviruses as well, 0001-0153 © 1991 SGM a comparison between the M segments of pathogenic hantaviruses and a non-pathogenic hantavirus might reveal regions important for Hantavirus virulence. The M RNA segments of at least one disease-causing Hantavirus within each of the serotypes (1, 2 and 3) have been cloned and sequenced (Schmaljohn et al., 1987; Yoo & Kang, 1987b; Giebel et al., 1989; Arikawa et al., 1990; Antic et al., 1991) . Previously, a comparison of the deduced amino acid sequence of their G1 and G2 proteins demonstrated that Hantaan virus strain 76-118 (Hantaan) (serotype 1) and Sapporo rat virus strain SR-11 (SR) (serotype 2) are much more closely related to each other than to the Puumala virus strain H~tlln/is B1 (H~illn~is) (serotype 3) (Arikawa et al., 1990) . A comparison between these viruses and the non-pathogenic Hantavirus, Prospect Hill virus, strain Prospect Hill-1 (PH) (serotype 4) may reveal information about Hantavirus virulence.
In this paper we present the nucleotide sequence of the PH virus M RNA segment and the deduced amino acid sequence of its G 1 and G2 proteins. This deduced amino acid sequence is compared with the corresponding sequences of H~illn~ts, SR and Hantaan viruses. We found that PH and H/illn~ts viruses are more closely related to each other than to either SR or Hantaan viruses. Our data further indicate that the Hantavirus genus has diverged into at least two branches and these branches contain genetically similar, but antigenically dissimilar viruses.
Methods
Viruses, cells and media. PH virus, provided by Dr J. M. Dalrymple (USAMRIID, Frederick, Md., U.S.A.), was propagated in Vero E6 cells (ATCC 1008 , CRL 1586 . Cells were grown in Dulbecco's modified Eagle's medium, supplemented with heat-inactivated foetal bovine serum (10~) and L-glutamine (2 mM). Virus was propagated at 35 °C in 100 mm tissue culture dishes and harvested 8, 12 and 15 days post-infection (p.i.).
Virus isolation and RNA extraction. Virus particles in clarified tissue culture fluid were pelleted by centrifugation for 2 h at 81000 g at 4 °C in a Beckman SW28 rotor (Beckman). RNA was extracted and purified from virus pellets or cells 9 days p.i. by the guanidinium thiocyanate method (Chirgwin et al., 1979) .
Molecular cloning of the PH virus M RNA segment. Random primed cDNA clones representing the PH virus M RNA segment were prepared as described previously (Parrington & Kang, 1990) .
The 3' and 5' termini of the PH virus M RNA were cloned using the polymerase chain reaction (PCR). To obtain 3"-specific cDNA, 2 ~tg of total cellular RNA from PH virus-infected Vero E6 cells was mixed with 500 ng of a primer complementary to 16 bases at the 3' end of viral M RNA (5'-CAGCTGCAGTAGTAGTAGACTCCGC; Fig la, primer MP61) , and 500 ng of a viral sense primer (5'-CAGCTGCA-GATTGAAGCATGTGCCTTC; Fig. l a, primer MP63, nucleotide positions 608 to 625, measuring from the 3' end of the M RNA) in 100 ~tl of the reaction buffer (10 mM-Tris-HCl pH 8.3, 50 mM-KC1, 2-5 mMMgC12, 200 ~tM of each dNTP, with 100 p.g/ml of gelatin) containing 32 units of avian myeloblastosis virus (AMV) reverse transcriptase (Pharmacia LKB) and 5 units of Taq DNA polymerase (Perkin-Elmer Cetus). The sample was incubated at 42 °C for 60 min, heated to 94 °C for 2 rain, and then subjected to 40 cycles of PCR (1 min at 94 °C, 2 min at 55 °C and 3 min at 72 °C) using a DNA thermal cycler (Perkin-Elmer Cetus). Both primers were constructed with PstI sites at their 5' ends (sequence shown underlined) for the purpose of cloning. However the resultant PCR fragment, M3', had an internal PstI site so it was bluntend ligated into the SmaI site of pUCI9 instead.
The Y-terminal clone was made with PCR using primers MP62 and MP61 using the method described previously (Parrington & Kang, 1990) . Primer MP62 was complementary to viral M RNA (5'-CAGCTGCAGGTGTAGGCACTGGAT; Fig. 1 a, nucleotide positions 2379 to 2396, measuring from the 3' end of M RNA) and was used for first-strand cDNA synthesis, using viral RNA as template. Primer MP61 had 16 nucleotides identical to the predicted 5' terminus of virion M RNA (sequence shown above). The resultant PCR fragment, M5', was cloned into the Pstl site ofpUCl9 using the PstI sites located at the 5' ends of these primers (sequence shown underlined).
All clones were sequenced in both directions by the dideoxynucleotide chain termination method of Sanger et al. (1977) using several synthetic primers. All primers were synthesized on an Applied Biosystems model 380B DNA synthesizer. Nucleotide sequences were determined by both manual sequencing with Sequenase (United States Biochemical) and automated sequencing using the DuPont Genesis 2000 automated DNA sequencer.
Computer analysis of nucleotide and amino acid sequences. Analysis of the secondary structure of the RNA, searches for potential open reading frames (ORFs), translation of a DNA sequence, locations of signal peptide cleavage sites, hydropathy plots, searches for potential antigenic sites and locations of potential transmembrane helices were completed using the PC/Gene program (Version 5.11, 1987 , Department of Medical Biochemistry, University of Geneva, Switzerland, distributed by Intelligenetics).
Analysis of the secondary structure of the RNA was based on Zucker's method (Zucker & Stiegler, 1981) with modifications (Jacobsen et al., 1984) .
Hydropathy plots and searches for potential antigenic sites were done using the method of Hopp & Woods (1981) ; signal sequence cleavage sites were determined by the method of yon Heijne (1986) ; the consensus sequence used to determine potential asparagine-linked glycosylation sites was N-X-S/T-X, where X cannot be proline (P) (Bause, 1983) ; and prediction of transmembrane helices was based on the method of Rao & Argos (1986) .
Results

Molecular cloning and sequence analysis of the PH virus M RNA segment
A cDNA library of clones representing the PH virus M RNA segment was made using random primers as described under Methods. The nucleotide sequence of six clones, Plll, R355, T103, Sll0, P108 and P15 (Fig. la) , was determined using the dideoxynucleotide chain termination method (Sanger et al., 1977) . This nucleotide sequence was compared with that of Hfillnfis virus (Giebel et al., 1989 from the 3' end of the PH virus M RNA; there was a gap of approximately 500 bases between clones P108 and P15; and clone P15 ended approximately 20 bases from the 5' end of the PH virus M RNA. The 3' and 5' termini of the PH virus M RNA were cloned using PCR with Taq DNA polymerase. PCR of the 3' end was done with primers MP61 and MP63 as described under Methods and generated a 643 bp fragment ( Fig. 1 b, lane 1) that was ligated into the SmaI site of pUC19 and designated M3'. Nucleotide sequence analysis of this clone revealed differences with the putative 3'-terminal sequence of the PH virus M RNA previously reported (Schmaljohn et al., 1985) . The previously reported sequence had two extra bases at positions 17 and 23 that were not present in our sequence. When we used a primer that was complementary to the previously reported sequence (Schmaljohn et al., 1985) in a cDNA reaction no PH virus M-specific cDNA was produced. Our sequence was identical to the reported Y-terminal sequence of H~illn~is virus for the first 35 bases (Giebel et al., 1989) . Therefore, clone M3' most likely represents the actual 3' end of the PH virus M RNA. The 5' end of the M RNA was also cloned using PCR with primers MP62 and MP61. The 1344 bp fragment ( Fig. 1 c, lane 2) was ligated into the PstI site of pUC19 and designated M5'. The nucleotide sequence of clones M3' and M5' was determined using the dideoxynucleotide chain termination method (Sanger et al., 1977) . The combined and consensus sequence (3707 bases) of M3', P i l l , R355, T103, Sll0, P108, P15 and M5' are shown in Fig. 2 . The base composition of the PH virus M RNA segment is 29.8% A, 18.8% G, 21.7% C, and 29-7% U. These values are similar to those of the H/illn~is, SR and Hantaan virus M segments (Schmaljohn et al., 1987; Giebel et al., 1989; Arikawa et al., 1990) .
Comparison of the 3' and 5' termini of the PH virus M segment in the genomic RNA sense revealed an inverse complementary sequence involving 38 of the terminal 45 nucleotides (Fig. 3) . The calculated free energy of this structure is -196.9 kJ/mol at 25 °C. The stability of this structure is similar to that of the M segment of Hantaan virus ( -177-2 kJ/mol at 25 °C) and to that of SR virus ( -165.5 kJ/mol at 25 °C), but is much lower than that of the H~illn/is virus ( -270-9 kJ/mol at 25 °C) (Giebel et al., 1989) .
Coding strategy of the P H virus M R N A
The PH virus M RNA segment is 3707 bases long (Fig.  2) . This is the largest Hantavirus M segment reported to date as compared to 3682 bases for H~illn/is virus, 3651 bases for SR virus, and 3616 bases for Hantaan virus (Schmaljohn et al., 1987; Yoo & Kang, 1987b; Giebel et al., 1989; Arikawa et al., 1990) . There is a large ORF in frame 2 of the PH virus M cRNA. The PH virus M ORF initiates at nucleotides 50 to 52, terminates at nucleotides 3476 to 3478, and has a coding capacity of 1142 amino acids (Fig. 2) . This is eight and six amino acids larger than the SR virus (1134 amino acids) and Hantaan virus 1 TAGTAGTAGA CTCCGCAAGA AGAAGCAAAC ACAGAGAGAA  61 TTGTCTGTGT TTGAGTCTTT TGGGAGTACT ACTACTGCAG  121 TCTGGAATTG AAGATTGAAT GTCCTCATAC TGTAGGTTTA  181 GACTGTGGAT TTAAACCCTG TCCCTGTTGA GTCTGTGAGC  241 TTGTAACTTT GATGTGCATA CAAGCTCAGC CACACAGCAG  301 GGAAAAGAAA GCTGACACAG CAGAAACAGC AAAGGCAGCT  361 GAGTACAGAA TTAAATTTAC GGGGCTTATG TGTTATTCCA  421 TAATAAGCTC CGTAAGACTG TCACATGTTA TGATCTTTCA  481 CCCAACAGTT TACTTAATTG CTCCCATACA TACATGTGTG  541 GGGATTAGGA ACTCAACGGA TTCAAGTGAC TTATGAAAAG  601 ACTGGTAGAA GGCACATGCT TCAATCCGAT CCACACAATG  661 TACATATGAT ATTGTCACTA TACCAGTCAG GTGTTTTTTC  721 TGATACCCTT AAAATAGAGA AACAGTTTGA GACAATTCTA  781 TGCAAATATA AAAGGCTATT ATGTCTGTTT GACTCGAAAT TCCGGTTACT TATAGAAAAG  1681 AACTATGGGT TCTATGGTCT GTGAGGTTTG TCAGCAGGAA  1741 GGAGTCTCAC AAGAAAAGTT GTCCTAATGG TATGTGCCCT  1801 GTCTACTGAG TCTGCCCTGC AAGCTCATTT CAAAGTGTGT  1861 GGAGAACCTT CGCAAGTCAC TAAATCCATA TGAGCCTAAA  1921 CTCTGTGTTT AGATATCGGA GTAGGTGCTT TGTGGGCCTT  1981 ATTAGAACTT GTCATATGGG CTGCAAGTGC GGATACTGTA  2041 TGACACTGCA CATGGAGCTG GGGTAATACC ACTCAAATCA  2101 GTTGCCATCA TCTGCAACAT ACATATACAG ACGAGATCTT  2161 AGAAAGAATC CCTTTTCACT TCCAGCTACA GCGTCAGGTG  2221 TTTAGGCCAC TGGATGGATG GAACATTTAA TCTGAAAACA  2281 TTGTGAAAAG TATGCTTATC CGTGGCAAAC TGCAAAATGT  2341 ATTTGAAACA GGGTGGGGCT GTAATCCTGG TGATTGCCCA  2401 TGCTTGTGGA GTTTATTTGG ATAAATTGCG CTCTGTTGGC  2461 CCTAAAGTTC ACAAGACGGG TTTGTATACA ATTAGGCAGT  2521 TGATTCGAAT GACTGTTTGA TGACAACATC TGTGAAGGTT  2581 AAAATTTCAG CCCGGTGATA CCCTTTTATT TTTAGGCCCT  2641 ATTTAAGCAA TGGTGTACTA CTACCTGTCA CTTTGGAGAC  2701 TCCGCAGGGT ATGCAATGCC CAGAGCATAC AGGTGCCTTT  2761 TACAATGCCA ACATGTGAGT ATGATGGAAA CACTCTTTCT  2821 AACAAGGGAT TCTTTCCAGT CTTTCAACAT TACAGAACCA  2881 TGAATGGGTA GATCCAGATA GTTCATTAAA GGATCATATT  2941 TGTATCATTT CAGGACTTAT CTGAAAATCC CTGTCAAGTT  3001 TGATGGTGCA TGGGGCTCAG GTGTGGGTTT TAATCTGGTA  3061 ATGTGCTAGT TTTCTAACTT CAATAAAGGC ATGTGACGCT  3121 AACAGCTAAT CTAGTGAGAG GGCAAAATAC TGTGCACATT  3181 TGGCTCAAAA TTTATGTGTT GCCATAGCAC TGAATGTTCA  3241 TGCACCACAT CTTGATAGAG TCACTGGCTA TAATGTTATC  3301 TGACGGCTCT CCTGAGTGTGGTGTACACTG  CTGGTTTAAA  3361 GGGGATTTTG AGTGGTAATT GGATGGTAGT GGCAGTTTTA  3421 AATATTCTTA TTCAGCTTAT GTTGCCCTCG AAGGGTTGTC  3481 TAGATCCATA ATCATTTACT CACAATGTGT CATGTTGTTA  3541 TATTACTTCT ATTATAGCAC TTTAAAACTA ACATACTAAT  3601 TATATATATT CACTCTTAAT CATATATCAA AAAAAACTAA  3661 ATATATCAGC TTTACCTGGA CTTTTGTTCC TGCGGAGTCT   CATAGAAAAA TGAGTAAATT 60  GTCTGTGACA CCAGGAGCCT 120  GGTCAAGGCC TTGTAATAGG 180  ACATTAAAGT TAGAAAGCTC 240  GCTGTTACAA AGTGGACATG 300  TCAACAACAT TTCAATCAAA 360  ACTTTGGTCC TTGAGACTGC 420  TGTAATCAGA CAGCATGCAT The deduced amino sequences of the G1 and G2 proteins of the PH, H/illn~is, SR and Hantaan viruses were compared (Fig. 4a, b) Table 1 . The PH virus G1 and G2 proteins have higher amino acid sequence identities with the H/illn/is virus G 1 and G2 proteins than with the G1 and G2 proteins of SR and Hantaan viruses. The G2 protein of all four viruses has been conserved to a greater extent than the G1 protein (Fig. 4b) . A possible variable region was identified in the G 1 protein of these four viruses (PH virus amino acid positions 209 to 282) (Fig. 4a) . More amino acid sequence heterogeneity between the four viruses was observed in this region as compared with other regions of the G1 proteins. Amino acid sequence similarity between all four viruses was 38-7~ for the GI protein and 52.2~ for the G2 protein. If conservative amino acid substitutions are included these numbers increase to 54.6~ for the G1 protein and 67-1~ for the G2 protein.
Three of the four potential asparagine-linked glycosylation sites in the PH virus G1 protein were conserved in the other three viruses. A potential glycosylation site at amino acid positions 527 to 529 was not conserved in the other three viruses (Fig. 4a ). However SR virus had two other potential sites (amino acid positions 233 to 235 and 560 to 562) whereas Hantaan virus had only one other potential site (amino acid positions 235 to 237) (Fig. 4a) . Interestingly a possible glycosylation site that is probably not used in H~illn~s virus (N-P-S, amino acid positions 585 to 587) is also conserved in PH virus (N-P-T, amino acid positions 581 to 583) (Fig. 4a) . The one potential glycosylation site in the PH virus G2 protein is conserved in all four viruses (Fig. 4b) . The second site in the H~illn/is virus G2 protein (amino acid positions 898 to 900) is not observed in the PH virus G2 protein (Fig. 4b) .
The analysis of potential transmembrane helices (Rao & Argos, 1986) identified only one conserved region in the G1 protein and one conserved region in the G2 protein of all four viruses. The region in the G 1 protein ends 132 amino acids from C terminus (PH virus amino acid positions 447 to 522) and was 76 amino acids in length in PH and H/illn/is viruses, and 71 amino acids in length in SR and Hantaan viruses (Fig. 4a) . The conserved region in the G2 protein is near the C terminus (PH virus amino acid positions 1102 to 1132) and is 31 amino acids long in all four viruses (Fig. 4b) .
Hydrophilicity profiles (Hopp & Woods, 1981) of the four virus glycoprotein precursors were compared (Fig.  5 ). There were many similarities between the four virus hydrophilicity profiles. The region of greatest hydrophilicity in the H~illn/is virus profile was conserved in the profiles of the SR and Hantaan viruses, and is located near the C terminus of G1 beginning 14 amino acids after the potential transmembrane domain (Fig. 5) . The SR and Hantaan virus profiles also have a second equally hydrophilic region near the C terminus of G 1 (Fig. 5) . In contrast the region of greatest hydrophilicity in the PH virus glycoprotein precursor is closer to the N terminus (amino acid positions 220 to 225, Fig. 5 ). This region is apparently associated with an amino acid deletion in the PH virus G 1 protein as compared with the G1 proteins of the other three viruses (Fig. 4a) . When hydrophilicity profiles of the G2 proteins were compared, the highest peaks of hydrophilicity in H/illn/is, SR-11 and Hantaan viruses was located at the C terminus. The region of greatest hydrophilicity in the PH virus G2 protein however, is located 12 amino acids prior to the transmembrane domain (amino acid positions 1084 to 1089, Fig. 4b ). 
Discussion
Hantavirus isolates have been divided into at least four antigenically distinct serotypes by the immunofluorescent antibody, immune adherence haemagglutination, and plaque reduction neutralization tests (Lee et al., 1985b; Sugiyama et al., 1987) . A comparison of the G1 proteins of Hantaan virus (serotype 1) and SR virus (serotype 2) revealed amino acid similarities of 75%, or 83% if conservative changes were included. The G2 proteins of these viruses were even more highly conserved with amino acid similarities of 82% or 92% if conservative amino acids substitutions were included (Arikawa et al., 1990) . These figures were similar to the ones we found when comparing the PH virus (serotype 4) and H~illn~is virus (serotype 3) G1 and G2 proteins (G1 74.3 %, or 85.8 % with conservative changes; G2 79 %, or 88.4% with conservative changes). When the PH virus (serotype 4) G1 and G2 proteins were compared with those of Hantaan (serotype 1) and SR viruses (serotype 2), the amino acid similarity was much lower. These data support earlier work suggesting that serotypes 3 and 4 are antigenically closer to each other than to serotypes 1 or 2 (Sugiyama et al., 1987) . These data suggest that the Hantavirus genus diverged into at least two evolutionary pathways, one composed of the viruses in serotypes 1 and 2, and another of viruses in serotypes 3 and 4. Other hantaviruses not belonging to these four serotypes may belong to one of these two lineages or may reveal further branches in the Hantavirus genus. This divergence may have been caused by virus adaptation to the host, since rodent species, not geography, determine the serotypic profile (Lee et al., 1985b; Sugiyama et al., 1987) .
A distinguishing feature of some of the hantaviruses in serotypes 1, 2 and 3 is that they can cause disease in humans. Hantaan virus (serotype 1) is the aetiological agent of a severe form of HFRS (Lee et al., 1978) , SR virus (serotype 2) is linked to a moderate although potentially still fatal form of HFRS (Lee et al., 1982a; Kitamura et al., 1983) , and H~illn/is virus (serotype 3) is associated with a milder form, nephropathia epidemica (Brummer-Korvenkontio et al., 1980) . In contrast, PH virus (serotype 4) has not been linked to any disease in humans (Yanagihara et al., 1984 (Yanagihara et al., , 1987 . In bunyaviruses the M RNA segment, specifically the G1 protein, has been identified as a major determinant of virulence and infectivity (Beaty et al., 1981 (Beaty et al., , 1982 Shope et al., 1981 ; Gonzalez-Scarano et al., 1985; Janssen et al., 1986; Sundin et al., 1987) . If this is true for hantaviruses as well, the large number of amino acid changes observed in the H/illn~is virus G1 and G2 proteins as compared with SR and Hantaan viruses may explain why this virus only causes the milder form of the disease. The similarity between the G1 and G2 proteins of PH and H~illn~ts viruses suggests that these viruses may have undergone amino acid changes that attenuated virulence in these viruses as compared with SR and Hantaan viruses. A possible variable region was identified in the G1 protein of these viruses and may be involved in the differences in virulence between these four viruses. Also there was less conservation of the G 1 protein as compared with the G2 protein. This could mean that Hantavirus virulence is associated with the G I protein. The only major difference observed between the PH virus G1 and G2 proteins and those of the other three viruses was in the hydrophilicity profiles. The highest peak of hydrophilicity in the PH virus glycoprotein precursor is apparently associated with an amino acid deletion in the PH virus G 1 protein as compared with the G 1 proteins of the other three viruses. It is not presently known whether these differences are involved in the lack of virulence of PH virus. However, changes as small as a single amino acid substitution in the haemagglutinin protein were shown to alter the virulence of influenza A viruses (Kawaoka et al., 1984; Philpott et al., 1990) .
Only one potential transmembrane region was conserved in the G1 proteins and one region in the G2 proteins of all four viruses. This suggests that these regions are possibly membrane-spanning domains that anchor the G 1 and G2 proteins to the surface of the viral envelope.
In our results we show the locations of potential Nglycosylation sites in the G 1 and G2 proteins of the four viruses. One of the potential sites in the G1 proteins of the PH and SR viruses was on the cytoplasmic domain of the transmembrane part and was therefore unlikely to be glycosylated. Also there is some doubt that the amino acid sequence N-D-S/T is recognized for glycosylation (Kornfeld & Kornfeld, 1985) . This would eliminate the fourth site in PH virus and one potential site in Hantaan virus.
The sequence we report here for the 24 bases at the 3' end of the PH virus M RNA differs from the sequence reported using direct RNA sequencing (Schmaljohn et al., 1985) . When we used a primer (21-mer) complementary to the sequence of Schmaljohn et al. (1985) we were unable to generate any PH virus M-specific cDNA. Any cDNA that was produced represented the PH virus L RNA segment. Therefore, we believe our sequence was the correct one for the PH virus M RNA segment, but we cannot explain the differences with the earlier results.
Our data show that antigenically distinct hantaviruses may be more closely related than serotypic studies would indicate. It also demonstrates the possibility that many antigenically distinct hantaviruses may have diverged along only two evolutionary pathways. Further work with the PH virus M RNA segment may eventually give us a better understanding of Hantavirus virulence.
